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INTRODUCTION 
India is fortunate to be rich in biodiversity and having a vast reservoir of 
plant wealth. It's flora accounts for 10.78% of the global total "Biological 
Diversity" encompasses species of plants, animals and micro organism and the 
ecosystem of which they aie a part. Human activity has had a devastating effect 
on species diversity and the rate of human induced extinction is accelerating 
that leads to the permanent lost of biodiversity. According to 'Red List of 
Threatened Species', (lUCN 2000), 44 plant species are critically endangered, 
113 endangered and 87 vulnerable. 
The emergence of modem biotechnology presents an important 
approach for a production link between consewation and sustainable utilization 
of genetic diversity. Biotechnology can lead to new and improved methods for 
presei-vation of plant genetic resources. New biotechnologies may increase the 
value of the world biodiversity if these allow increased use of the genetic 
diversity of both wild and domesticated species (FAO 1993). 
Plant tissue culture has been viewed, a key technology for enhancing the 
capability for the production of large quantities of planting material of selected 
elite high yielding varieties so as to boost production and productivity and to 
consei-ve the fast diminishing species. With the advent of the new millenium 
and to meet the requirement of high quality planting material, plant tissue 
culture technology has been widely applied in all sectors of horticulture, 
plantation and forestry. Today tissue culture technology is being exploited 
mainly for large scale production or micropropagation of elite planting material 
with desirable characteristics. This technology has now been commercialized 
globally and has contributed significantly towards the enhanced production of 
high quality planting material of the export market. Tissue culture technique 
greatly reduces the introduction of pests and diseases by germplasm exchange 
(FAO 1989). Plant tissue culture has contributed tiemendously to crop 
improvement and has a great potential for future. It can be used to improve the 
productivity of planting material through enhanced availability of identified 
planting stocks. 
Conservation of plant genetic resources ensures the conservation of 
biodiversity in the face of extensive destruction of plant rich habitat, species 
extinction and genetic erosion. Keeping the importance of genetic diversity in 
view, tissue culture technology give us tools for maintaining and conserving 
genetic diversity in ex-situ. Multidirectional effect have become imperative for 
conservation of om' natural renewable sources. Cultivation and conservation of 
multipurpose plant species through in vitro technique constitute one such 
efforts. 
Medicinal Plants 
Medicinal and aromatic plants are also of great importance today and 
with the new GATT agreement, it is important to conserve this natural resource 
of our country. 
The health care systems aie going to become more and more expensive. 
Therefore, we have to develop technology to essentially introduce and integrate 
herbal medicine system into oui' health caie. India has more than 45000 plant 
species, out of which 7000 species aie of medicinal & aromatic plants serving 
as raw material to phannaceuticals and other plant based industiies. The effort, 
world wide, is to find new dmgs, new molecules, new genes for treatment of 
most dreadful diseases like AIDS, cancer and some chronic ailments like 
diabetes, asthma, etc. About 1000 genera and more than 2500 are used in 
indigenous system of medicine species, which largely consists of Ayxirvedic 
practices. More than 500 plants are specifically used in the pharmaceutical 
industry. 
There is a wide spread belief that "Green" drugs aie healthier than 
synthetic product. In most industrialized countiies, medicinal plants use has 
increased dramatically in the last decade. Medicinal plants continue to provide 
health security to iiiral people in primary health care. According to WHO over 
80% of people in developing countries depend on tiaditional medicine for their 
primary health need. In India, the coverage of rural population by the modem 
health system varies from 3 to 30%, thus 4 to 500 million people take resource 
to some form of traditional medicine as the only feasible alternative. According 
to 1994 UNDP report, the annual value of medicinal plants derived from 
developing countries is approximately US $32 billion (Sharma 2002). 
The availability of medicinal plants is already under serious thieat. 
Around 95%) of the medicinal plants used by the Indian industry today are 
collected from the wild. Less than 30 species of the plants are under 
commercial cultivation. Over 70% of the plant collections involve destructive 
harvesting because of the use of the paits like roots, bark, wood, stem and the 
whole plants (in case of herbs). This poses a definite threat to the diversity of 
medicinal plants. Conservation of medicinal plant species is possible preferably 
thiough ex situ means, so that these species come in cultivation practices and 
can be made available as and when required for the benefit for human race. 
Inspite of advancement in synthetic chemistry, 25% of drugs are still of 
plant origin. As a consequence many medicinal plants are thieatened (Grout 
1988). In India, the technology of micropropagation have been successfully 
employed for the production of plants of medicinal and economic value 
(Chaturvedi & Jain 1994, Sharma & Yelne 1995, Ali el al. 1996, 97, Srivastava 
& Pandey 1998). 
Propagation in vitro (Micropropagation) 
Micropropagation has become increasingly important to up scale the 
production of commercially useful plant species. The advantages of 
micropropagation are: 
(1) Rapid multiplication 
(2) Saving of space 
(3) Disease free plants 
(4) Clonal uniformity 
(5) No seasonal constiaints 
(6) Multiplication of plants that are difficult to propagate by conventional 
method. 
(7) Propagation of endangered species 
(8) Exchange of germplasm/exports 
Micropropagation holds special significance in situations wherein the 
stock materials is extiemely limited and requires rapid bulking up. It offers 
means for rapid and mass multiplication of the existing stock of germplasm for 
biomass production and consei^ vation of important species. 
Micropropagation has many advantages over traditional propagation. 
The main advantages are attributed to the potential of combining rapid large 
scale propagation of new genotypes, the use of small amount of original 
germplasm and generation of pathogen free propagules. (Debergh & 
Zimmerman 1991, Edson et al. 1997, Altman & Loberant 1998). 
Thus, considering the importance of medicinal plants and micropropagation 
technique, two potential ding plants viz. Hygrophila spinosa and Phyllanthus 
niruri have been selected for the present investigation. 
Plant Description 
1. Name Hygrophila spinosa 
English Name Hydrophilia 
Indian Name Gokshura, Gokulakanta 
Family Acanthaceae. 
Active constituent Tenaceous Mucilage & Potassium Salts 
Parts used : Aerial parts. Root 
Therapeutics Aphiodisiac, Diuretic, Jaundice & 
Hepatitis. ^t ^"^ ^^--% , 
;>;' ^^ '^- ^^  Y 
Botanical Description \^^ 3 ) 5 - 3 2 3 5 ^"5 
An erect stout herb, stem thickened at nodes, annu!ifg(©vmgtoil^'cm 
(2ft) has bright blue flowers and small, flat, dark red seeds, axillaiy branches 
reduced into sharp spines. 
Habitat 
Native to India. Gokulakanta is now widely distiibuted throughout 
tropical regions. It is gathered when in flower. 
Chemical Composition 
Diuretic properties of seeds due to large amount of mucilage and 
potassium salts. Seeds contain 23% of a yellow semidiying oil; they also 
contain diastase, lipase and protease. Xylose and uronic acids from oil of seeds; 
lupenol, stigmasterol and straight chain chain hydrocarbons from lipid extiact 
of plant. Palmitic (72), stealic (0.8), oleic (11.9) and Linoleic (80.1%) acid in 
seed oil. 
Parts Used 
Roots, seeds and aerial parts. 
Therapeutics 
The roots, leaves and seeds have been used in Indian systems of 
medicine as taken chiefly for its reputed aphrodisiac properties. Both the aerial 
paits and ash of the burned plant are strongly diuretic and are used to flush 
water from the body in cases of excess fluid retention. Root is demulcent and is 
used to alleviate the inflammation produced by urinaiy tract infection. Seeds 
given in gonorrhoea and with milk and sugar in spermatonhoea. Seeds are 
tonic and aphiodisiac. The herb is also thought to support the liver in condition 
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such as jaundice and hepatitis (Chevallier, 1996). Leaves, roots and seeds are 
diverted and aie employed for dropsy, rheumatism, anasaraca and diseases of 
urinogenital tract. Plant is useful in cancer and tuburculae fistula. It is a source 
of Ayurvedic diug "Kokilaksha" and Unani drug "Talimkhana". (Joshi 2000). 
2. Name 
Family 
Local Name 
English 
: Phyllanthus niruri L 
: Euphorbiaceae 
Bhumiamalaki, Bhuee aawalU 
: Countiy Goosebeny 
Active Constituent : Phyllanthin & Hypophyllanthin Niranthin, 
Nirteti'alin. 
Parts Used 
Therapeutics 
AH pails 
Diuretic, Dropsy, Gononhoea, Jaundice, 
Troubles of genitourinaiytract. Plant inhibits 
endogenous DNA polymerase of hepatitis-B 
viruses (Satyavati, 1989). 
Botanical Description 
A much branched smooth erect annual herb upto 18 inch in height 
leaves small, alternative ananged in two rows, membranous. Usually having a 
fine bloom on the under surface, elliptic, nanow at the base stipules two. 
Habitat 
Throughout the hot part of India & Pakistan. In India from Pimjab to 
Assam and Southwards to Travancore, ascending the hills upto 900m. 
Chemical constituent 
Phytochemically, occurence of lignans; Leaves contain bitter substance 
phyllanthin, hypophyllanthin and some others like hiranthin, nirtetralin and 
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phyltetralin and an antipode of norsecurinine had been reported. Stem contains 
saponin. A new alkaloid (4-methoxy + nor-securinine) has been reported from 
the plant (Satyavati 1989). 
Parts used 
All the parts. 
Therapeutics 
In indigenous system of medicine, plant is used as a diuretic, in dropsy, 
gonorrhoea and other troubles of genitourinaiy tract and also a remedy for 
jaundice. It is used in stomach troubles such as dyspepsia, colic, diaiThoea and 
dysentiy. Fresh root is remedy for jaundice. Leaves are popular remedy against 
fever. The juice of the plant is an efficacious dressing for offensive sores. 
(Joshi 2000). 
Recently, in vitro studies earned out in United States on P. mruri extiact 
have shown that the plant inhibits endogenous DMA polymerase of hepatitis B-
yiruses and binds to the surface antigen of hepatitis B-virus in vitro. Similarly, 
the extiact also inhibits wood chuck hepatitis virus DNA polymorase and binds 
to the surface antigen of wood chuck hepatitis virus (WHV) (Unander et al. 
1991, Satyavati 1989). 
The present work has been conducted with the following objectives. 
1. To foiinulate the hormonal response and the culture conditions for direct 
organogenesis in nodal and shoot tip explants. 
2. To develop an efficient protocol for callus initiation from different 
explants. 
3. Selection of the best medium for indirect caulogenesis and rhizogenesis. 
4. To optimize concentiation of medium for rooting in regenerants and 
their subsequent acclimatization. 
le. euvew 
cJL iterat eraiure 
REVIEW OF LITERATURE 
The beginning of nineteenth century was an era when in vitro culture 
studies took a scientific turn and many devoted workers in this field proved 
successfiil and opened up new avenues for betteiment of existing plant. The 
German botanist Gottlieb Haberlandt (1902), made pioneering work to 
developed the concept of in vitro culture. He was fust to culture isolated single 
cell of a leaf of Lamium purpureum in a nutrient medium containing glucose, 
peptone and Knop's salt. He made several predictions about the requirement 
for cell division, which have been confirmed y/ith the passage of time. In the 
year 1908 Winkler cultivated segments of stiing beans and observed some cell 
division but no proliferation. More promising results were obtained by Simon 
in the same year, who achieved success in the regeneration of a bulky callus, 
buds and roots from Poplar stem segment. Simon may be credited with having 
established the basis for callus culture and even for micropropagation. After 
that the plant biologists made effort to realise the practical application of plant 
tissue cultme technology. Buvat (1944-45) devised a scheme for 
dedifferentiation. In the year 1957 Skoog & Miller demonstiated the hormonal 
control of organogenesis and they also showed that regeneration of whole 
plants in tissue culture may occur via shoot or root differentiation. The 
potential of this finding was soon realised by Morel (1963) for rapid 
propagation of orchids Cymbidixtm species. After that many workers done 
significant work in this particular field. 
This chapter has been written with a view to provide earlier work done 
on the related plants of Euphorbiaceae and Acanthaceae and other important 
medicinal plants. 
Phyllanthus niruri 
Tidemaii & Hawker (1982) reported prolific shoot formation from nodal 
segments oi Euphorbia lathyris and E. peplus on the media containing lOmM 
BAP. 
Sehgal & Khurana (1985) reported callus formation from endsoperm of 
Emblica officinalis on MS basal media containing 2,4-D and Kn. Optimal shoot 
multiplication of Euphoribia antisyphilitica has been reported by Jakobek et al. 
(1986) using 4.44mM BAP. 
Zhang et al. (1989) have reported proliferation of axillaiy meristems of 
Euphorbia fulgens on the medium containing 9.1mM Zeatin. 
Mangalan et al. (1989) used tissue culture system and investigated the 
production of Phyllanthin which is an active ingredient of the herb Phyllanthus 
niruri, used in the treatment of jaundice. Murashige-Skoog medium 
supplemented with Kn and 2,4-D was optimal for callus production. The 
effects of vaiious media components on the production of Phyllanthin were 
discussed. Estimation of Phyllanthin from callus was earned out using 
spectrophotometric and TLC methods. 
Abbas (1992) reported callus development from endosperm of Emblica 
officinalis on Murashige-Skoog medium containing Kn and 2,4-D at different 
concentrations, 
Gupta et al. (1994) reported callus culture from the hypocotyl regions of 
seedlings explants of Erriblica officinalis {Phyllanthus emblica) on a modified 
MS medium. Several shoots differentiated from the callus on MS medium 
fortified with a combination of cytokinins (BA and Kn, 1.0-5.0 mg/1), auxins 
(NAA and 2,4-D: 01.-1 .Omg/1) and other additives. 
Rajasubramaniam & Saradhi (1994) cultured hypocotyl explants of 
Phyllanthus fratemus on B5 medium supplemented with 2,4-D or NAA in the 
presence or absence of benzyladenine (BA) at concentiations 0, 10', 10" and 
10"^ M. They reported callus fromation from the cut ends of hypocotyl segments 
followed by adventitious shoot differentiation on medium supplemented with 
10"^  M BA in combination with 10-7 M 2,4-D and 10"^  M NAA. Profuse 
rooting was reported from the hypocotyl explants on a medium supplemented 
with 10"^  M BA + 10"^  M NAA. Incorporation of casein hydrolysate in B5 
medium containing 10"^  M BA + 10"^  M 2,4-D enhanced the frequency of 
culture with adventitious shoots upto 68%. Glutamine, glutamic acid or proline 
could partially substitute for the effect of casein hydrolysate. Hypocotyls from 
7 day old seedlings showed the highest caulogenic efficiency in the presence or 
absence of casein hydrolysate. They reported rooting on half strength B5 
medium supple;mented with 10"^  M IB A. 
Sehgal and Khurana (1994) reported callus fonnation from endosperm 
of Phyllanthus emblica on MS basal medium augmented with different 
concentiations of 2,4-D and Kn. They reported shoot differentiation and 
embiyo formation on BMS + BAP (0.2 mg/1) + lAA (0. lmg/1). 
Verma & Kant (1996) obtained callus from juvenile explants of 
Phyllanthus emblica on MS basal medium supplemented with 2,4-D (1.5mg/l) 
+ Ascorbic acid (50 mg/1). They obsei^ ved shoot differentiation from callus on 
MS+BAP or Kn (2,4mg/l) + Ads (25 mg/1) + PVP (25 mg/1) + Citric acid 
(2mg/l). 
Rajasubramaniam & Saradhi (1997) cultured shoot tip and nodal 
explants of Phyllanthus fratemus on B5 medium augmented with 0,10"', 10"^  or 
10"^  M benzylaminopurine BAP or Kn. The presence of BAP in the medium 
promoted multiple shoot formation from both type of explants. Of the two 
explants shoot tips were found to be best for shoot multiplication. About 14-16 
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shoots were reported from a single shoot tip on the medium containing 10^ M 
BAP. The individual shoots were rooted on half strength B5 medium 
supplemented with 10"^  MIBA. 
Arora et al. (199?) reported plantlet regeneration in Emblica officinalis 
Gaertn. though juvenile hypocotyl explants, on MS medium supplemented with 
BAP (1.0-4.0 mg/1) and NAA (0.5 mg/1). They reported callusing on the same 
medmm. Caulogenesis was achieved in these cultures on MS media 
supplemented with BAP and Kn (2.0-4.0mg/l). The induced shoots were 
elongated on hormone free MS medium. Rooting was induced on VSMS 
medium containing IBA (1.0-3.0 mg/1) and sucrose (1 -3%). 
Tayagi & Govil (1999) reported induction of callus from mature embryo 
explants of Phyllanthiia emblica on BMS medium supplemented with 2,4-D 
(1.4mg/l) + Kin (0.5mg/l) and BMS + NAA(l-4mg/l) + Kn (0.5mg/l). Multiple 
shoots were also observed on the same media. Rooting was induced when the 
developed shoots were tiansfened to BMS + NAA/IBA (2-4mg/l) media. 
Singh Qt al. (2000) used seedling derived explants from cotyledonary 
node region and found six to eight shoot differentiation on MS medium 
fortified with 2mg/l BAP and O.lmg/1 lAA. BAP was found to be more 
effective cytokinin than Kinetin. They initiated cell culture of Phyllanthus 
emblica from juvenile explants on 2,4-D containing medium. Such cell cultures 
differentiated into multiple shoots on low auxin high cytokinin medium. Pulse 
treatment of produced shoots with IBA containing liquid media was found to 
be the best for root induction on V2 stiength MS salts. 
Rao (2000) established protocols for callus initiation, multiple shoot 
formation and regeneration of plantlets from leaf, stem and petiole in 
Phyllanthus niruri using MS basal medium augmented with various auxms 
(2^4-D, NAA and lAA) singly or in combination with cytokinins (BAP and 
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Kn). Multiple shoots were raised on MS+BAP (0.5mg/l) which were 
tiansferred to rooting medium with different concentiations of IB A. 
Catapan et al. (2000) reported axillaiy shoot proliferation from nodal 
segments of Phyllanthus caroliniemis (Euphorbiaceae). Maximum 
multiplication (21-23 shoots/explants) was achieved on MS or AR media 
supplemented with either 5.0 \M BA, 1.25-5.0|iM Kn or 2.5-5.Q\M 2 ip. 
Rooting was achieved with 80-100% of microshoots on MS medium without 
growth regulators, although 1.25(iM NAA and 1.25-5.0nM lAA promoted 
significant increase in the number of roots per explant. High frequency callus 
initiation and growth was achieved, when nodal explants were inoculated in the 
vertical position on MS medium containing 1. l)iM NAA. 
Bhiattacharya et al. (2001) cultured shoot tips of Phyllanthus amarus 
Schum & Thom on MS medium supplemented with Kn/BAP singly or in 
combination with lAA. Growth regulators at lower range (0.1-l.Omg/l) 
stimulated direct regeneration of shoots. They reported that Kn was superior to 
BAP and Kn-IAA combination was more suitable than Kn alone. About 15 
shoots were yielded per explant after 30 days of culture in the medium 
containing Kn and lAA both at 0.1 mg/1. The cluster of proliferated shoots 
elongated and rooted simultaneously under the same treatment followed by 
another subculture. 
Hygrophila spinosa 
To our knowledge so fai-, there is no publication on in vitro cultme of 
Hygrophia spinosa from any national or intemational laboratories. Although 
the literature is replete with in vitro propagation of medicinal plants, sustained 
efforts aie needed to culture the somatic tissues to induce regeneration and 
ultimately clonal multiplication of this potential herb. 
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The following paragraph describe the review of the work done on the 
members of Acanthaceae and related medicinal plants. 
Clonal propagation through culture of shoot tips, axillary buds and nodal 
segments ensures faithful production of genetically identical clones. 
Adventitious shoot formation directly from the explant is definitely a better 
approach than the callus method for clonal propagation of plants. (Hussey 
1976, Quak 1977 «& Walkey 1978). 
Walker et al. (1978) reported that exogenous auxin or cytokinin may be 
sufficient to bring about organogenesis in Medicago saliva. The higher level of 
2,4-D and low level of Kn resulted in the differentiation of shoot from callus 
while reverse favoured root differentiation. 
The significant achievement in in vitro cloning have been made in 
herbaceous plants (Bhojwani 1980). Fonnesbech et al. (1980) reported that 
shoot tips of Monstera deliciosa developed much better in combination of PBA 
(l.Omg/1) or Kn and lAA. They reported more shoot production with PBA than 
Kn and addition of lAA (2mg/l) further increases the shoot number. Rooting in 
regenerated shoots were reported on MS basal media together with lAA 
(2mg/l). 
Hussey et al. (1981) propagated potato shoots by placing nodes from 
sprouted tubers on MS medium with out honnone. The plantlets fonned 
healthy roots in liquid culture. 
George & Rao (1982) regenerated plants of Carthanms tinctorius by 
using shoot tip explants. They reported that the regeneration potential is 
genotype dependent. Mareno et al. (1985) used Kn and lAA for Cucumis melo 
and they found the combination of both hormone best for organogenesis. The 
growth and development oi Chrysanthemum varieties was studied by Gertsson 
et al. (1985) and they reported that the combination of BA (lmg/1), lAA 
13 
(O.lmg/1) gives better shoot production. While working on Solamm 
lycopersicoides, Handley et al. (1985) reported that zeatin was most effective 
for shoot regeneration. Successful shoot regeneration was obtained on MS 
media supplemented with zeatin (3.0 mg/1) and GA3 (0.1 mg/1). 
Kothari et al. (1986) used stem intemode of Artemisia seoparia as a 
explant and reported that shoot and shoot bud fonnation took place on the MS 
medium containing BAP (3.0 mg/1) + lAA (5.0 mg/1). While Griga et al (1986) 
tested the effect of BAP and NAA combination for multiple shoot formation. 
Lee Bong et al. (1987) used axillaiy buds from the seedlings of 
Lagerstroemia indica and found that woody plant medium (WPM) augmented 
with BAP (2.0mg/l) and NAA (O.Olmg/1) was best combination for shoot 
multiplication. While George et al. in the same year obsei^ ved that high level of 
cytokinin favoured greatest shoot regeneration in Sesamum indicum. Pink et al. 
(1987) cultured the axillaiy buds of Lactuca saliva on MS medium with a 
combination of Kn (1.0 or 2.0mg/l) + lAA (6.4mg/l), found better shoot 
giowth. 
Wong and Lon (1988) reported increase in number of shoot regeneration 
in Brassica alboglabra on medium containing both BAP and Kn. Whereas 
Hiraoka & Oyaanagi (1988) reported BAP and NAA combination best for the 
multiple shoot regeneration. 
Reynolds et al. (1989) reported shoot primordia formation from stem 
segments of Solarmm carolienenae on MS medium supplemented with BA 
(6mg/l). In the same year Jaiswal et al. reported micropropagation of Adhatoda 
vasica Nees through nodal segment cultwe. They used MS medium augmented 
with different concentrations of BAP or Kn with NAA. 
Zimmermann et al. (1991) reported that nodal explants of Dyssodia 
pentacheta produced more shoots on woody plant medium (WPM) with 1-
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lO i^M BA. They subcultured regenerated shoots on media devoid of growth 
regulators and also found that 1% sucrose was more effective for promotions of 
shoot growth while MS medium with optimal amount of Kn was used by Dhir 
et a/. (1991) for multiple shoot induction from shoot buds of Salix babylonica. 
Li & Liu (1992) reported that hoimonal combination of BA & NAA at 
different concentrations proved best in many medicinal plants, as in 
A tractylodes macrocephala. 
Sudha& Seeni (1994) reported that combinations of BA & lAA or NAA 
resulted in the formation of shoots with short intemodes in Adhatoda 
beddomei. While, Domelos and Maria (1994) reported direct organogenesis 
from leaf explant of Passiflora edulis on BA + CM supplemented MS medium. 
Chaturvedi et ah (1994) reported proliferation of shoots of Digitalis 
purpurea under the influence of 14.4|a,M GA. The shoots giew normally in a 
modified MS medium supplemented with 0.98nM IB A and 27.1|xM adenine 
sulphate. While, Nobre et al. (1994) reported shoot proliferation in nodal 
explants of Myrtus communis on basal medium supplemented with 3% sucrose, 
lOmg/1 ascorbic acid and 0.7% agar. High proliferation rate were observed on 
the medium containing BAP (2.0mg/l) + NAA (0.05mg/l). Whereas, Bemet et 
al. (1994) studied the effect of cytokinin in multiplication media on shoot 
growthof Eucalyptus globulus. 
Harikrishnan et al. (1997) reported that veiy low level of BAP (0.5mg/l) 
and NAA (0.05 mg/1) was most effective for organogenesis in Acon4S calamus. 
Kum r^ et al. (1997) reported in vitro plant regeneration fiom shoot tips of 
Amaranthus hypochondria using different concentiations of lAA viz. 
0.5,1.0,2.0, 3.0 mg/1 and fixed concentration of Kn (0.5 mg/1). Maximum 
differentiation of shoot, tips into shoot with slight callusing at the base was 
obtained on MS medium supplemented with lAA (2.0mg/l) + Kn (0.5 mg/1). 
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Anand & Bansal (1998) cultured shoot tips oi Adhatoda vasica Nees on 
B5 medium supplemented with Kn alone and in combination of NAA. Multiple 
shoot buds were obtained on the media supplemented with phloroglucinol 
(396.48|xM). Reduced concentration of Kn (4.65(iM) was favourable for 
elongation of shoots. Xiao et al. (1998) reported shoot multiplication of 
Zantechia by adding 1-3 mg/1 zeatin to MS medium and shoot elongation by 
adding 0.2 to 0.4 mg/1 zeatin. 
Saba et al. (1998) designed a protocol for the micropropagation of 
Silybum marianum on MS medium supplemented with different combinations 
and concentrations of auxins (NAA + lAA) and cytokinins (BAP, Kn, Zeatin). 
They found striking response on the MS medium supplemented only with 
cytokinin. Both direct and indirect regeneration were obtained and nodal 
segments were proved better for direct regeneration. 
Jagdish Chandra et al. (1999) reported in vitro culture of axillary buds of 
Pisonia alba on MS medium supplemented with BAP and Kn (1.0 mg/1) each. 
They reported development of 8-10 multiple shoots. Jain & Chaturvedi (1999) 
reported proliferation of shoots from nodal stem segments of Shorea robusta 
under the influence of BAP and lAA nutrient fonnulation. Shaima et al. (1999) 
reported micropropagation and in vitro flowering of Rauvolfia tetraphylla. 
Multiple shoots were induced on MS medium supplemented with Kn (0.1-
0.2mg/l) + BAP (0.4-0.5 mg/1). The microshoots were rooted on medium with 
NAA. 
Batia et al. (2000) reported culture of nodal stem segment of Salvadora 
persica on MS medium augmented with different hormonal combinations. 
Multiple shoot regeneration from nodal segment was successfully obtained on 
BAP and lAA. They found that addition of additives to the medium are 
essential for better and faster shoot multiplication. The shoots were able to 
produce roots when tiansferred to V2 MS medium. 
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Tiwari et al. (2000) reported enhanced axillaiy bud proliferation in 
nodal segment of medicinal herb Centella asialica. They obsei-ved that bud 
break was dependent on BA supply, the synergistic combination of 22.2ixM BA 
and 2.68|j.M NAA induced the optimum frequency (91%) of shoot formation as 
well as shoot number (4 to 5 shoots per node). MS medium supplemented with 
6.1\M BA and 2.88 |j.M lAA was found most suitable for shoot elongation. 
Rooting was highest (90%) on full strength MS medium containing 2.46|xM 
BA. 
Shirin et al. (2000) investigated various concentrations of 6 
benzyladenine (BA) and a range of auxin for in vilro plantlet production of 
Kaempferia galanga. They cultured rhizomes on MS medium supplemented 
with 12|iM BA, 3[iM NAA with 3% sucrose and 13 fold rate of plantlet 
production was achieved. 
Komalavalli & Rao (2000) reported a maximum number of shoots (57.2) 
from 30 day old seedling axillary node explants of Gymnema sylvestre on MS 
medium containing 6-benzyladenine (lmg/1), Kn (0.5mg/l), NAA (O.lmg/1), 
malt extract (lOOmg/1) and citric acid (lOOmg/1). High frequency of rooting was 
obtained in axillary node explant derived shoots (50%) on V2 strength MS 
medium supplemented with IB A (3.0 mg/1). 
Saini & Jaiwal et al (2000) reported that cotyledonaiy node of Peganum 
harmala, exhibited maximum shoot regeneration frequency from axillaiy 
region on MS medium supplemented with 5\M BAP. BAP (5(iM) in 
combination with NAA (0.1 ^ iM) was found to be the optimal for inducing an 
average of 4-5 shoots per explant in 75% of the cultures. Regenerated shoots 
were rooted on MS medium containing IB A (8|aM) with 80% efficiency. 
Fracaro & Echevarrigaray (2001) evaluated the effect of growth 
regulators and cultuie media on in vitro shoot proliferation and growing of 
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Cunila galioides. The highest multiplication rate was obtained using MS 
medium supplemented with 8.8|iM of BA. The best conditions for rooting were 
obsei-ved on MS medium augmented with 0.5-2.5nM IBA. 
Ahmed et al. (2001) reported multiple shoot formation of shoot tip and 
nodal segment explants of Holarrhena antidysenlrica on MS medium 
containing BAP (1.0-3.Omg/1) with NAA (0.2-l.Omg/l) and BAP (1.0-3.0mg/l) 
with Kn (0.2-1.Omg/1). Maximum number of shoots were reported on MS 
medium supplemented with BAP (2.0mg/l) and NAA (0.5mg/l). Rooting was 
achieved on V2 strength MS media with 0.5 mg/1 each of IBA, lAA and NAA. 
Baruah e/ al. (2001) developed a protocol for high frequency plant 
regeneration in Hypericum patulum by shoot tip culture. Multiple shoots were 
initiated on MS medium supplemented with BAP and Kinetin. Addition of 
thiamin HCl, Calcium panthothenate and biotin enhanced multiple shoot 
formation. 
Das et al. (2002) successfully established the single node explants of 
Lavandula viridis on MS medium supplemented with 0.44 juM of 6-
benzyladenine. The highest multiplication rate (11.9 shoots/node) was obtained 
with 0.67^M 6-ben2yladenine in MS medium with macronutrients at half 
strength. 
Das & Rout (2002) reported direct plant regeneration of Plumbago 
rosea and P. zeylanica from leaf explants on MS medium supplemented with 
6.1\iM BA, lAA (1.4|iM), Ads (370|xM) and 3% (w/v) sucrose. Shoots rooted 
on half strength basal MS medium supplemented with 1.2nM + BA 2% (w/v) 
sucrose. 
Salvi et al. (2002) reported multiple shoot fonnation when vegetative 
buds from sprouting rhizome of turmeric were used as an explant cultured on 
MS media supplemented with BA and NAA. The effect of various cytokinins 
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on shoot multiplication was studied by culturing the shoot tips on MS liquid 
medium supplemented with BA, Kn and Zeatin, each at 10|iM in combination 
withNAA(l|iM). 
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MATERIALS AND METHODS 
Experimental Material 
The present investigation deals with the moiphogenic responses in two 
plants of medicinal importance viz. Hygrophila spinosa T. and Phyllanthus 
niruri L. The healthy plants were collected from AMU campus and maintained 
in Botanical garden, Depaitment of Botany, AMU. The explants viz. nodal 
segments and shoot tips (0.5-1.5cm) were excised from young plants. 
Media Composition 
Growth and morphogenesis of plant tissue in vitro are largely governed 
by the composition of culture media. A number of media have been devised for 
specific tissues and organs. In the present investigation the basal medium 
proposed by Muiashige and Skoog (1962) has been used. The different 
constituents of MS medium viz. Macro, micronutiients, vitamins, sucrose etc. 
along with their concentrations are listed in Table 1. 
Media Preparation 
The constituent of MS basal media was divided into four groups viz. 
Macro, micro salts, iron and organic nutiient except sucrose. Four stock 
solutions were prepared consisting of (Table.2). 
(1) Major salts (20 x concentrated) 
(2) Minor salts (200 x concentrated) 
(3) Iron (20 x concentrated) 
(4) Organic Nutiient (lOOxconcentiated) 
The stock solutions were kept in refrigerator 
Table 1: Nutritional component of MS medium 
Constituents Amount (mg/1) 
Macronutrients 
MgS047H20 370 
KH2PO4 170 
KNO3 1900 
NH4NO3 1650 
CaCl22H20 440 
Micronutrients 
H3BO3 6.2 
MnS04.4H20 22.3 
ZnS04.7H20 8.6 
Na2Mo04.2H20 0.25 
CUSO4.5H2O 0.025 
G0CI2.6H2O 0.025 
Kl 0.83 
FeS04.7H20 27.8 
N2EDTA 37.3 
Organic Supplements 
Inositol 100 
Thiamine HCl 0.5 
Pyridoxine HCl 0.5 
Nicotinic Acid 0.5 
Others 
Glycine 2 
Table 2: Stock solution for MS basal medium 
Constituent Amount (mg/1) 
Stock solution I 
MgS04.7H20 7400 
KH2PO4 3400 
KNO3 38000 
NH4NO3 33000 
CaCl2.2H20 8800 
Stock solution II 
H3BO3 1240 
MnS04.2H20 4460 
ZnS04.7H20 1720 
Na2Mo04.2H20 50 
CUSO4.5H2O 5 
C0CI2.6H2O 5 
Kl 166 
Stock Solution III 
FeS04.2H20 556 
Na2.EDTA.2H2O 746 
Stock solution IV 
Inositol 10000 
Thiamine HCl 50 
Pyridoxine HCl 50 
Nicotinic Acid 50 
Glycine 200 
All the stock solutions were stored in round bottle flask at low 
temperature. To prepare one litre of MS medium 50 ml each of stock solution I 
& III and 5ml of II and 10ml of IV were taken, and volume maintained by 
adding DDW. For each growth regulator a separate stock solution is prepared 
by dissolving it in a minute quantity of appropriate solvent and then adjusted 
with DDW to the desired volume. 
Plant growth regulators viz. auxin (NAA, IBA, 2,4-D, 2,4,5-T) and 
cytokinin (BAP and Kn) were dissolved by adding few drops of absolute 
alcohol and IN NaOH respectively. The basal medium was augmented with 
different plant growth regulators (PGRs) either singly or in different 
combinations along with other supplements (casein hydrolysate). 3% (W/V) 
sucrose was added as a carbon source and 0.8-1% (W/V) agar-agar (Qualigens, 
India) added as a solidification agent. 
After adding all the constituent the pH of the medium was adjusted 5.8 
before autoclaving by adding few drops of IN HCl or IN NaOH. Culture tubes 
(Borosil, India) and Erlenmayer flask (150, 250ml) were used and 15-20 ml 
and 50 ml medium was pomed respectively. All the cultuie vials were plugged 
with non absorbent cotton wrapped in muslin cloth. The medium was sterilized 
in horizontal autoclave at 15 psi (121°C) for 15-20 minutes depending upon the 
volume of medium. After autoclaving the medium was slanted. 
Aseptic Techniques 
Sterilization of culture Vessel and Instrument 
Glass wares were first wrapped in aluminium foil or butter paper and 
sterilized by autoclaving. The instilments such as forceps, scalpels, needles 
etc. were flame sterilized by dipping in 95% alcohol, followed by flaming and 
cooling. 
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Steriiization of Transfer Area 
Laminar airflow hoods were sterilized by switching on the UV li^t (30 
watt, UV tubes) for half an hour then wiping the working surface with 95% 
alcohol 15 min before initiating any operation. 
Sterilization of Plant Material 
The epxlants i.e. nodal segment and shoot tips were collected in a flask 
containing water. The material was washed thoroughly under running tap water 
for 30 minutes and then washed with 5% Teepol (liquid detergent) for 5-10 
minutes with continuous shaking of flask followed by 3-4 rapid washing with 
sterilized DDW. Thereafter, the explants were surface sterilized with 0.1% 
HgCl2 for 2 minutes (shoot tip) and 3 minute (for nodal segment). These were 
subsequently washed 4-5 times with sterilized DDW to remove the traces of 
sterilant. 
Inoculation 
The surface sterilized plant material were tiansfened to petii dishes and 
were cut into pieces (l-2cm) using sterilized scalpel & forceps, and were 
inoculated in culture vials and plugged in quick succession. Instruments were 
flame sterilized before each inoculation. 
Incubation 
The cultme vials plugged with nbn absorbent cotton were kept in 
contioUed environmental conditions of culture room under 16/8 hours 
photocyle, 55+5% relative humidity and 25±2"C temperature. Twelve 
replicates were used for each treatment and sub-culturing was done after 7-10 
days. Observation were recorded periodically. 
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Acclimatization 
Plantlets were transfeiTed to the soil-rite after in vitro rooting and these 
plantlets were immediately inigated with nutrient solution and maintained 
under high humidity by covering the plants with poly bags having a small hole 
for air circulation. 
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RESULTS 
The nodal segment oi Phyllanthus ninm and nodal segment and shoot 
tip of Hygrophila spinosa have been cultured on MS medium supplemented 
with different concentrations of growth honnones either singly or in 
combination. The results obtained aie described as follows: 
Hygrophila spinosa 
Shoot tip explant 
Multiple shoot formation'. Shoot tip explants were cultured on MS medium 
supplemented with different levels of BAP along with NAA, which responded 
differently with various concentrations of BAP & NAA. The multiple shoots 
foi-med without intervention of a callus stage. The shoot tip showed renewed 
growth within 7-10 days after inoculation when cultured on the medium 
supplemented with 0.5-3.0 mg/1 BAP. The shoot regeneration response 
obsei-ved under various tieatments is summarized in Table 3. About 40% of 
shoot tip explant foimed multiple shoots (8.00 ±0.81) on 0.5mg/l BAP with an 
average shoot length of 1.9 + 0.21 cm. Increasing the concentration of BAP 
upto 2.0 mg/1 the shoot tip grew vigorously and multiple shoot sprouted. Fifty 
and seventy percent shoot tip explant developed into shoots in presence of 1.0 
mg/1 and 2.0 mg/1 BAP respectively. The shoot tip explant produced 27.46 + 
1.08 average number of shoots with shoot length of 1.2 + 0.10 cm on MS 
medium augmented with BAP (2.0 mg/1) after 4 weeks of inoculation 
(Fig. IB). 
Combination of BAP and NAA proved synergistic for multiple shoot 
foimation. Seventy percent response was observed on the medium containing 
BAP (1.0 mg/1) and NAA (0.5 mg/1). This combination gave 31.25 ± 1.50 
average number of shoot per explant and shots grew upto 1.36 + 0.20 cm 
(Fig. IC). Best shoot proliferation was obsei-ved on BAP (2.0mg/l) + NAA 
(0.25 mg/1) which gave highest number of multiple shoots, 37.4 ± 2.95 with an 
average length of 2.30 ± 0.22 cm per culture in 4 weeks (Fig. ID). In another 
combination of BAP (3.0 mg/1) + NAA (0.25 mg/1) multiple shoots were 
developed from shoot tip explant but the shoot induction percentage was lower 
than BAP (2.0 mg/1) + NAA (0.25 mg/1). 
The shoot tip explant were cultured on MS medium augmented with Kn 
(0.5-3.0 mg/1) either alone or in combination with NAA (0.25 mg/1). The 
number of shoots produced per explant varied with the concentration and 
combinations (Table 4). 
Addition of higher level of Kn (1.0 and 2.0 mg/1) in the medium 
promoted shoot differentiation and better response was observed. Among 
various combinations of Kn with NAA the highest shoot regeneration (80%) 
with an average of 29.3 + 1.92 shoots per explant were recorded on MS 
medium augmented with Kn (1.0 mg/1) + NAA (0.25 mg/1) and shoot attained 
an average length of 4.20 + 0.08 cm after 4 weeks (Fig. 2E). Further increase in 
concentiation of Kn did not show any imprpvement in the induction rate. 
Nodal Explant 
The nodal epxlants were cultured on MS medium supplemented either 
with BAP at different concentrations (0.5, 1.0, 2.0 and 3.0 mg/1) or in 
combination of NAA (0.25 mg/1) (Table 5). 
Nodal segment cultured on MS medium supplemented with BAP (0.5 
mg/1), induced 3.0 ± 0.94 average number of shoots with shoot length of 2.60 ± 
0.23 cm in about 40% explants. The percentage response increases with an 
increase in concentiation of BAP (2.0 mg/1) where 70% regeneration was 
recorded. Multiplication started with the elongation of axillaiy buds within 7 
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days of inoculation. On this medium 12 + 1.41 average number of shoots were 
recorded after 4 weeks and the shoots attained an average length of 5.8 ± 0.7 
cm (Fig. 3D). 
Nodal segments were cultured on MS medium supplemented with BAP 
(1.0 mg/1) + NAA (0.25 mg/1) exhibited maximum shoot regeneration (80%) 
with 17.16 + 0.79 average number of shoot which attained 6.58 ± 0.19cm 
average shoot length after 4 weeks (Fig. 3E) 
Nodal segments were cultuied on different concentrations of Kn (0.5 -
2.0 mg/1) either alone or in combination with NAA (0.25 mg/1) (Table 6). 
Among the various combination tested maximum 80% regeneration was 
observed on MS+Kn (2.0) + NAA (0.25 mg/1), with an average of 14.9 + 1.20 
of shoots which attained a length of 7.40 ± 0.36 after 4 weeks of inoculation 
(Fig.4D). 
Further increasing concentiation of auxin (0.5mg/l) with Kn (l.Omg/1) 
resulted in the fonnation of unwanted callus at the base of shoot (Fig. 4C). The 
callusing was overcome by reducing the concentration of auxin. 
Root Induction 
The well developed microshoots were isolated from groups of 
proliferating shoots and subjected to in vitro rooting by using auxin IB A at the 
concentrations of 0.5, 1.0, 1.5, 2.0, 2.5 mg/1 as a pulse tieatment. The rooting 
response at different concentration is summarised in Table 7. Among all the 
concentaations of IB A tried, 2.0 mg/1 elicited best rooting response (85%) on 
MS medium followed by initial incubation for 2-3 days. At this concentration 
maximum number of roots per shoots 6.70 + 1.12 with root length of 4.70 + 
0.05 cm was obsei-ved after transfer to auxin free medium (Fig, 5A). 
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Acclimatization 
The ultimate success of plant tissue culture as a mean of plant 
propagation depends on the ability to tiansfer the in vitro raised plants 
successfully to pots and field. The in vitro raised plantlets were carefully taken 
out from the culture vessels, washed with water to remove the adhering agar 
and finally transferred to plastic cups containing soil and soilrite (1:1) 
moistened with Yi MS salts solution during first week and with tap water 
subsequently (Fig. 5B,C). Plastic cups were covered with transparent polythene 
bags to ensure high humidity. They were kept in glass house condition and 
finally the plants were gradually exposed to sunlight. The plantlets exhibited 
60-70% sumval upon tiansfer to field. 
Phyllanthus niruri 
Nodal explant 
For callus induction and organogenesis, nodal segments were taken as 
explant and cultured on MS medium augmented with various PGRs either 
singly or in combination. The nodal segment cultured on MS basal medium 
(contiol) did not respond for one week, later the explant turned brown and died. 
Direct regeneration 
Combination of BAP+NAA played a significant role in influencing the 
development of shoots from nodal explant. Shoot formation occurred on MS 
medium containing BAP (0.5-2.0 mg/1) alone or in combination with NAA (0.2 
mg/1). Percentage response for shoot formafion from the nodal explant differs 
in different concentiations (Table 8). On MS medium containing BAP (0.5 
mg/1), 60% culture formed shoots. After four weeks, an average 7.25 + 0.82 
number of shoots per explant attaining a shoot length of 1.22 cm was observed. 
When BAP concentiation was enhanced from 0.5 to 1.0 and 2.0 mg/1, the 
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average number of shoot also increased upto 10.35 + 0.81 and 24.9 + 1.03 
respectively. 
Maximum regeneration (90%) through nodal segment was observed on 
MS medium augmented with BAP (2.0mg/l) along with NAA (0.2 mg/1). On 
this medium a maximum of 31.8 ± 1.21 shoots per explant with average 6.55 + 
1.41 cm shoot length was recorded after 4 weeks (Fig. 7C). Further increase in 
BAP concentration did not improve the induction rate. 
Shoot elongation was accompanied with spontaneous rooting during 
multiplication stage in the medium supplemented with BAP (1.0 - 2.0 mg/1) 
and IBA (0.5 mg/1). It was observed that lower concentration of auxin (IBA 0.5 
mg/1) was effective for rooting in a single step. Eighty percent response was 
obsei-ved on MS medium augmented with BAP (2.0) + IBA (0.5 mg/1). On this 
medium the nodal segment proliferated with an average number of 11.33 + 
0.84 shoots which attained an average shoot length of 3.64 + 0.11 cm after 4 
weeks (Fig. 7D). This resuh is very much useful because it involves single step 
method of micropropagation which is veiy much desirable to save the time. 
Nodal explants were cultuied on MS media augmented with various 
concentration (0.5-2.0 mg/1) of Kn either alone or in combination with NAA 
(0.2 mg/1) (Table 9). Multiplication staited within 7 days of inoculation. Sixty 
percent response was recorded on the medium containing Kn (0.5 mg/1). The 
explant produce 7.33 + 0.84 average number of shoot, with 1.08 + 0.9 cm shoot 
length. Further increase in the concentiation of Kn showed better response 
(70%) with an average 7.69 + 0.91 number of shoots with 1.75 + 0.09 cm shoot 
length after 4weeks of inoculation. 
Shoot multiplication was significantly increased in Kn-NAA 
combination and maximum number of shoots (22.58 + 1.18) with 3.29 + 0.91 
shoot length were proliferated in the medium with Kn (l.Omg/1) and NAA 
(0.2mg/l) after 4 weeks (Fig. 8D). 
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Callus Induction 
For callus induction, the nodal explant were cultured on different 
concentiations of 2,4-D and 2,4,5-T added to MS medium. The explant 
responded differently (Table 10). 
Callusing was induced in nodal explant on a medium containing 0.5 
mg/1 of 2,4,-D after one week of inoculation and whole surface of the explants 
tiansfonned into light brown friable callus in another 7 days. In another 
tieatment of 2,4-D (1 .Omg/1) compact yellowish callus was observed and its 
proliferation was moderate, while on 2,4-D (2.0 mg/1), callusing response was 
considerably enhanced (80%). Swelling was started in the explant on third day 
and converted into prolific callus on 12"' day. The calli were green nodular 
(Fig. 5B), which differentiated into multiple shoots after transferring to 
BAP+NAA+CH containing medium. Further increase in 2,4-D concentration 
showed inhibitory effect on callus proliferation. 
Nodal segments exhibited callusing on MS medium supplemented with 
2,4,5,-T (0.5-3.0 mg/1). About 70% callusing was observed on the medium 
containing (1.0 mg/1) of 2,4,5-T. Green nodular prolific callus was obsei^ ved 
after 13 days of inoculation. The callus was subcultured on regenerating 
medium consisting of BAP, NAA and CH. Yellowish compact nodular callus 
(Fig. 9A) was induced on MS medium with 2,4,5-T (1.5 mg/1). On further 
increase in concentration of 2,4,5-T (2.0 and 3.0mg/l) dark brown and yellow 
compact callus was observed. The giowth of the callus remained suppressed 
even on prolonged incubation for about a month. 
Indirect Caulogenesis & Rhizogenesis 
Nodal explant callus was sub-cultured on MS medium augmented with 
different concentration of BAP (0.5-3.Omg/1), NAA (0.2-1.Omg/1) and CH (200 
mg/1). Differential response was reflected in the percent regeneration (Table 
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11). Twenty six shoots differentiated in 50% culture after four weeks with 
maximum shoot length of 1.6 cm. Increasing the concentration of BAP (1.0 
mg/1), sixty percent regeneration was observed with an average of 25.32 ± 1.90 
shoots per culture attaining a shoot length of 1.7 ± 0.51 cm. Best regeneration 
(80%) was observed on sub-cultuiing the callus on MS medium containing 
BAP (2.0 mg/1) + NAA (0.2mg/l) + CH (200 mg/1). Maximum 46.58 ± 1.60 
average number of shoots with 2.9 + 0.16 cm shoot length were recorded (Fig. 
9C). Further increase in BAP concentration to 2.5 and 3.0 mg/1 along with 
NAA (0.25 mg/1) and CH (200 mg/1) showed decrease in percentage response 
and also in average number of shoot per culture and average shoot length. 
Better response (70%) was observed by increasing the concentration of 
NAA (0.5mg/l) on MS basal medium augmented with BAP (2.0 mg/1) + CH 
(200 mg/1). As many as 41.3 ±2.1 shoots per culture were observed from the 
gieen nodular callus after 4 weeks. On this medium, shoots attained a height of 
4.0 ± 1.83 cm. Rhizogenesis was also observed on the same medium and an 
average number 4.5 roots per shoot with a root lengtli of 2.5 cm were recorded 
(Fig. lOB). 
Further increasing the concentiation of NAA upto 1.0 mg/1 an average 
of 31 + 1.38 shoots per culture with a shoot length of 2.5 + 0.21 cm was 
obsei-ved but no enhance rhizogenesis was recorded as compared to the 
aforesaid medium (Fig. IOC). 
In vitro rooting 
The in vitro grown microshoots were isolated and transferred on to 
rooting medium. In the preliminary rooting experiments MS salts at full and 
half stiength were tested and no rooting was observed on PGRs free medium. 
The microshoots were transferred to the medium consisting of different 
concentrations of auxin IBA (0.5-2.5 mg/1). Root initiation was observed 
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within 9-10 days after transfer of microshoots to the rooting medium. The 
rooting response observed under vaiious tieatments is summarized in (Table 
12) 70% rooting response was recorded on MS medium augmented with IB A 
(1.0 mg/1), which resulted into 7.08 + 0.64 average number of roots/shoot with 
root length of 2.94 + 0.23 cm (Fig. 1 IB). Among all the concentrations of IBA 
tiled, the MS + IBA (2.0 mg/1) elicited best rooting response (80%). At this 
concentiation maximum number of roots/shoot 7.91 + 1.32 with a root length 
of 3.80 + 0.11 were observed (Fig. IIC). The rooting success, however, 
declined to a level of 40% when the concentration of IBA was increased upto 
2.5 mg/1. 
Acclimatization 
The in vitro raised plantlets were carefully taken out from the culture 
vessels, washed with water to remove the adhering agar and finally tiansfened 
to plastic cups containing soil and soilrite (1:1) moistened with MS sah 
solution during first week and with tap water subsequently. They were kept in 
glass house condition after covering them with polybags to ensure high 
humidity. Finally, these plants were gradually exposed to sunlight (Fig. HE). 
The plantlets showed 60% sumval rate upon transfer to field condition. 
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Explanation of Figures 
(Fig. lA-D) 
Moiphogenic response of shoot tip of Hygrophila spinosa in cultui'es (All 
concenti'ations in mg/1) 
A. Emergence of multiple shoots on MS+BAP (1.0), 15 days old culture. 
B. Shoot differentiation on MS+BAP (2.0), 10 days old culture. 
C. Induction of multiple shoots on MS+BAP (1.0)+ NAA(0.25), 13 days 
old culture. 
D. Multiple shoot fonnation on MS+BAP (2.0) + NAA (0.25), after 4 
weeks. 
FIGURE.1 
Explanation of Figures 
(Fig. 2A-E) 
Moiphogenic response of shoot tip of Hygrophlla sp'mosa in cultures (All 
concentiations in mg/1) 
A. Shoot differentiation on MS+Kn (0.5), 7 days old culture 
B. Induction of multiple shoots on MS+Kn (2.0), 10 days old culture. 
C. Elongation of shoots on MS+Kn (0.5) + N AA (1.0), 3 weeks old culture. 
D. Emergence of multiple shoots on MS+Kn (0.5) + NAA (0.25), 4 weeks 
old culture. 
E. Multiple shoot foiTnation on MS+Kn (1.0) +NAA(0.25), after 4 weeks. 
FIGURE.2 
Explanation of Figures 
(Fig. 3A-F) 
Moiphogenic response of nodal segment of Hygrophila spmosa in cultures (All 
concentrations in mg/1) 
A. Multiple shoot foixnation and elongation on MS+Kn (1.0), 3 weeks old 
culture. 
B. Shoot differentiation on MS+Kn (2.0), 4 weeks old culture. 
C. Emergence of multiple shoots and elongation on MS+Kn (2.0) +NAA 
(0.25), after 4 weeks. 
D. Differentiation of shoots on MS+BAP (2.0), 4 weeks old culture. 
E. Multiple shoot differentiation on MS+BAP (1.0) + NAA (0.25), after 4 
weeks. 
F. Induction of multiple shoot and elongation on MS+BAP (2.0) + NAA 
(0.5), 4 weeks old culture. 
FIGURE.3 
Explanation of Figures 
(Fig. 4A-D) 
Moiphogenic response of nodal segment of Hygrophila spinosa in cultures (All 
concentrations in mg/1) 
A. Shoot elongation on MS+Kn (0.5) + NAA (0.25), 3 weeks old culture. 
B. Multiple shoot foimation and emergence of root on MS+Kn (1.0) + 
NAA (0.5), 4 weeks old culture. 
C. Multiple shoot differentiation on MS+Kn (1.0) +NAA (0.5), 4 weeks old 
cultme. 
D. Multiple shoot differentiation on MS+Kn (2.0) +NAA (0.5), 4 weeks old 
culture. 
Explanation of Figures 
(Fig. 4A-D) 
Moiphogenic response of nodal segment of Hygrophila spmosa in cultures (All 
concenti'ations in mg/1) 
A. Shoot elongation on MS+Kn (0.5) + NAA (0.25), 3 weeks old culture. 
B. Multiple shoot foiTnation and emergence of root on MS+Kn (1.0) + 
NAA (0.5), 4 weeks old culture. 
C. Multiple shoot differentiation on MS+Kn (1.0) +N AA (0.5), 4 weeks old 
culture. 
D. Multiple shoot differentiation on MS+Kn (2.0) +NAA (0.5), 4 weeks old 
culture. 
FIGURE. 4 
Explanation of Figures 
(Fig. 5A-C) 
Moiphogenic response of regenerated microshoots of Hygrophila spinosa in 
cultures (All concenti"ations in mg/1) 
A. Root induction in w vitro formed micioshoots on MS+IBA (2.0), 4 
weeks old cultui'e. 
B. Complete plantlet. 
C. Acclimatized plant, 2 weeks old. 
FIGURE. 5 
Explanation of Figures 
(Fig. 6A-D) 
Moiphogenic response of nodal segment of Phyllanlhiis niruri in cultures (All 
concentrations in mg/1) 
A. Emergence of multiple shoots on MS +Kn (2.0), 8 days old culture. 
B. Multiple shoot induction on MS + BAP (1.0) + NAA (0.25), 7 days old 
culture. 
C. Shoot differentiation on MS +BAP (2.0) 4 NAA (0.2), 10 days old 
culture. 
D. Multiple shoot fomation on MS +BAP (10) + NAA (0.2). 
FIGURE. 6 
Explanation of Figures 
(Fig. 7A-D) 
Moiphogenic response of nodal segment of Phyllanihm niniri in cultures (All 
concentrations in mg/l) 
A. Shoot differentiation on MS +BAP (0.5) + NAA (0.2), 4 weeks old 
culture. 
B. Multiple shoot foi-mation on MS+BAP (1.0) + NAA (0.2), 4 weeks old 
culture. 
C. Emergence of multiple shoot and their elongation on MS+BAP (2.0) + 
NAA (0.2), 4 weeks old culture. 
D. Caulogenesis as well as simultaneous rhizogenesis on MS +BAP (2.0) 
+1BA (0.5), after 4 weekss. 
FIGURE./ 
Explanation of Figures 
(Fig. 8A-D) 
Moiphogenic response of nodal segment of Phyllanlhus ninin in cultures (All 
concenti'ations in mg/1) 
A. emergence of multiple shoots on MS+Kn (2.0), 10 days old culture. 
B. Shoot differentiation on MS+kn (2.0) + NAA (0.2), 8 days old culture. 
C. Multiple shoot fonnation on MS+Kn (1.0) + NAA (0.2), 3 weeks old 
culture. 
D. Shoot elongation on the same medium, after 4 weeks. 
FIGURE. 8 
Explanation of Figures 
(Fig. 9A-D) 
Moiphogenic response of nodal segment of Fhyllanlhiis nirun in cultures (All 
concentrations in mg/1) 
A. Induction of yellowish callus on MS+2,4,5-T (1.5), 11 days old culture. 
B. Fomiation of green, nodular, regenerating callus on MS+2,4-D (2.0), 11 
days old culture. 
C. Regeneration of multiple shoots from nodal callus on MS+BA (2.0) + 
NAA (0.2) + CH (200), 4 weeks old cultuie. 
D. Multiple shoot fonnation from nodal callus on MS+BAP (2.5) + NAA 
(0.2) + CH (200). 
FIGURE .9 
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Explanation of Figures 
(Fig. lOA-C) 
Moiphogenic response of nodal callus of Phyllanlhus nintn in cultures (All 
concentiations in mg/1) 
A. Regeneration of multiple shoots from nodal callus on MS+BAP (0.5) + 
NAA (0.2) + CH (200), after 4 weeks. 
B. Indirect multiple shoot formation and simultaneous emergence of lOOts 
on MS+BAP (2.0) + NAA (0.5) + CH (200), after 4 weeks. 
C. Indirect caulogenesis as well as rhizogenesis on MS+BAP (2.0) + NAA 
(1.0) + CH (200), after 4 weeks. 
FIGURE.10 
Explanation of Figures 
(Fig. IIA-E) 
Morphogenic response of regenerated microshoots of PhylUmthus niruri in 
cultures (All concentrations in mg/l) 
A. Emergence of roots on MS+IBA (0.5), after 4 weeks. 
B. Root induction in regenerated microshoots on MS+IBA (1.0), 4 weeks 
old culture. 
C. Vigorous rooting in regenerated microshoots on iVIS+IBA (2.0), after 4 
weeks. 
D. Complete regenerated plantlet. 
E. Acclimatized plant, 2 weeks old. 
FIGURE .11 
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DISCUSSION 
The application of principles of Moiphogenesis in Plant Tissue Culture 
is essential for obtaining reproducible results in regenerant differentiation and 
developing methods for in vitro consei'vation of germplasm in the form of 
Tissue Banks or better termed as Gene Banks. This is the established fact that 
the health of natural vegetation showing rapid depletion. The rapid destruction 
of the world's most diverse ecosystems, especially in the tiopics, has led to 
conclude that a million species or more is in serious risk of extinction during 
the coming years. 
Medicinal and Aromatic plants are of great importance today. Many 
medicinal plants are of such obvious economic importance that the serious 
nature of their potential loss can readily be understand. Even 
commercialization of conventional propagation methods, for large scale 
production of desired species failed to fulfil the ever increasing demand. Tissue 
culture, a most vital facet of biotechnology played a great role in plant 
improvement as it offers an alternative means of propagation and can 
justifiably be employed for conservation and micropropagation of medicinally 
important plants (Razdan & Cocking 1997, Benson 1999). Plant propagation by 
a variety of cell and tissue culture method is at present the most commercially 
efficient and practically oriented plant biotechnology (Altman and Loberant 
1998). 
The present work has been an endeavour to achieve rapid 
micropropagation of two medicinally important plants viz. Hygrophila spinosa 
and Phyllanthus nimri. The results obtained have been discussed in the light of 
existing literature on the subject. 
In the present study, direct regeneration from nodal and shoot tip explarit 
of Hygrophila spinosa and through nodal segment of Fhyllanthus niruri was 
achieved by manipulating the level of giowth regulators in the medium. The 
resultant morphogenic response in both the plants depends upon the level and 
combination of auxin and cytokinin. The lower concentration of auxin and 
higher concentration of cytokinin were promising for induction and 
multiplication of shoots in both the plants. One of the most influencing factors 
in adventitious organ (root/shoot) formation is the modulation of endogenous 
auxin to cytokinin balance. 
Direct Regeneration 
Advantage of shoot tip culture has been realized earlier and successfully 
applied for rapid multiplication of plants (Sato et al. 1987). In Hygrophila 
spinosa the shoot tip explants exhibited maximum shoot proliferation and shoot 
bud differentiation on MS + BAP (2.0mg/l) + NAA (0.25 mg/1). Kn is found to 
be less effective than BAP. The superiority of BAP alongwith NAA over Kn + 
NAA has been well documented by Maiia el al. (1994) in Passiflora sp., 
Fracalo & Echeverrigray (2001) in Ciinila galiocies and Baruah el al. (2001) in 
Hypericum patuhwi. However, some workers advocated for the Kn 
a.ugmentation along with NAA for better direct shoot regeneration as in 
Monstera deliciosa (Fonnesbech e/ al. 1980), Carlhannis linclorius (George & 
Rao 1982), Cucumis melo (Dhir el al. 1991), Adhaloda vasica (Yogeeta & 
Bansal 1998) and in Gynmema sylvestre (Komalavalli el al. 2000). 
Nodal culture comprises a tissue culture approach vyhich entails 
culturing of nodal segments carrying axillaiy buds and stimulating them to 
develop and proliferate in vitro. Since this method involves the exploitation of 
buds already present on the stock plant, it provides an efficient means of true to 
type propagation. 
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In the present study, of the two cytokinins used, BAP played a 
significant role alongwith NAA for direct shoot regeneration through nodal 
segments of Hygrophila spinosa and Phyllanlhus ninm. In Hygrophila 
spinosa, the results clearly indicate that BAP (2.0mg/l) exhibited better 
response than Kn (2.0mg/l) augmented medium. The effectiveness of BAP was 
further enhanced with the addition of NAA (0.2mg/l). Similar findings were 
reported earlier in nodal segment culture of Adhaloda vasica of family 
Acanthaceae (Jaiswal et al. 1989 & Seema & Seeni 1994). The effectiveness of 
BAP+NAA combination has also been well documented by several workers in 
different plant species belonging to different families viz. Lagerstoemia indica 
(Lee Bong 1987), Sesamum indicim (George et al. 1987) and in Dyssodia 
pentacheta (Zimmerman et al. 1991). 
Various cytokinins have been regulaily employed for the multiplication 
of axillary buds in other members of Euphorbiaceae, as in Eupharbia fulgem 
(Zhang et al. 1989), Euphorbia lathyris and Euphorbia peplus (Tideman and 
Hawker 1982) and more recently in Phyl Ian thus amams (Bhattacharya et al. 
2000). Regeneration potential of cultured explants requires a paiticular growth 
regulator concentration for its multiplication. The different species of 
Euphorbia required different cytokinins for direct shoot regeneration from 
nodal segment as reported in Euphorbia fulgens where zeatin played a 
significant role in axillary bud differentiation (Zhang et al. 1989). However, 
only BAP augmentation required in Euphorbia lathyris and Euphorbia fulgens 
for an efficient shoot proliferation and differentiation (Tideman & Hawker 
1982). My results through nodal segment culture of Phyllanthus ninm are in 
consonance with aforesaid findings. The perfonnance was further improved by 
the addition of NAA (0.2mg/l) in the medium and highest multiplication rate 
was achieved. The findings get support with several other reports where 
effectiveness of combined application of cytokinin and auxin in shoot induction 
has been emphasized (Arora et al. 1997 & Singh et al. 2000). 
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In Phyllanthus niniri nodal explant exhibited shoot elongation 
accompanied with spontaneous rooting during the multiplication stage in the 
medium supplemented with IBA-BAP. This is in accordance to previous report 
by Bhattacharya et al. (2002) in Ciiminum cyminum. However, they used lAA 
alongwith BAP as a single media regime. Henea el al. (1999) first reported use 
of single media regime and main advantage of this is the elimination of a 
sepaiate rooting step. It is apparent that auxin not only induces rooting but also 
promoted shoot elongation. 
Indirect Regeneration 
In the present investigation, callusing was observed from nodal 
segments of Phyllanthus mruri on medium containing 2,4-D and 2,4,5-T at 
different concentrations. The nodal segment is considered to be the excellent 
starting material for callus induction (Sharma & Yelne 1995). Nodal explant of 
Phyllanthus niniri was found responsive for callus induction and callusing was 
initiated from the cut smface. Similar findings were earlier reported by 
Mangalan et al. (1989) in Phyllanthus niruh and by Catapan et al. (2000) in 
Phyllanthus caroliensis. Best callusing was obtained on the medium containing 
2,4-D as compared to 2,4,5-T. Hu & Wang (1983) proved superiority of 2,4-D 
over other auxins for the induction of callus. Requirement of 2,4-D for callus 
induction was reported earlier in Phyllanthus emhlica (Sehgal & Khurana 
1985, 1994, Abbas 1992) and in Phyllanthus frafernus (Raja Subramaniam & 
Saiadhi 1994). 
The calli raised through nodal explant on 2,4-D were subcultured on a 
regenerating medium consisting of BAP (2.0 mg/1) + NAA (0.2mg/l) + CH 
(200mg/l). This medium was found most effective as it gave the best indirect 
regeneration in terms of number of shoot and shoot length. 
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In vitro Rooting 
For root induction in regenerated microshoots of Hygrophila spinosa 
and Phyllanthus niniri different concentration of IBA (0.5-2.0 mg/1) were 
tested and better rooting response was observed on IBA (2.0 mg/1). This 
suggests that IBA is required for rooting in both the plants. Similar results were 
reported earlier in Phyllanthus fraternus. (Rajasubramaniam and Saradhi 1997, 
Tyagi and Govil 1999), Centella asiatica (Tiwari et al. 2000) and in Gymnema 
sylvestre (Komalavalli et al. 2002). While Catapan et al. (2000) reported 
rooting without growth hormone in Phyllanthus caroliensis. 
The results have cleaily demonstrated the regeneration of the multiple 
shoots from nodal explant followed by rooting of microshoots in both these 
plant. In Phyllanthus nirtiri multiple shoot formation has been achieved by both 
direct and indirect organogenesis using nodal explants. The indirect 
regeneration of plants fiom callus culture, will lead to genetic diversity, the 
direct regeneration from the nodal explants will ensure the cloning stocks. 
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SUMMARY AND CONCLUSIONS 
The morphogenetic potential of two medicinally important plants i.e. 
Hygrophila spinosa & Phyllanthus ninm have been investigated in the present 
study. The results are summarized as under: 
Hygrophila spinosa 
Multiple shoot formation 
The shoot tip and nodal explant were cultured on MS medium 
supplemented with different levels of BAP either alone or in combination with 
NAA. Direct regeneration of multiple shoot was obtained at all the 
concentration of BAP i.e. 0.5-3.0 mg/1. The shoot tip explant produced 27.46 + 
1.08 average number of shoot with shoot length of 1.2 + 0.10 cm on MS + BAP 
(2.0mg/l). The combination of BAP (2.0mg/l) + NAA (0.25 mg/1) gave highest 
number of multiple shoots, 37.4 + 2.95 which attained a height of 2.30 + 0.22 
cm in about 80% cultme. 
70% regeneration was achieved when shoot tip explant were cultured on 
MS with Kn (2.0mg/l) and an average number of 22.0 + 0.70 shoots with 2.50 
+ 0.10cm shoot length were recorded. Higher frequency of shoot regeneration 
was observed on the medium containing Kn (l.Omg/1) + NAA (0.25 mg/1). 
About 80% of the explant proliferated with 29.3 + 1.92 average number of 
shoot that grow upto 4.20 ± 0.08 cm. 
Nodal explant produced multiple shoot on MS medium with BAP/Kn 
(0.5-3.Omg/1). The maximum number of shoot was obtained in a combination 
of BAP (l.Omg/1) + NAA (0.25mg/l) where 17.16 + 0.79 average number of 
shoot with 6.58 + 0.49 cm shoot length were obtained with 80% response. 
Rhizogenesis 
In vitro rooting was achieved by using auxin, IB A at different 
concentrations. IB A (2.0mg/l) elicited best rooting response (85%) on initial 
incubation for 2,3 days, followed by transfer to the auxin free medium. 
Phyllanthus niruri 
Caulogenesis as well as callus induction was obsei-ved form nodal 
explants on the basal medium supplemented with various growth hormone. 
Direct caulogenesis 
Maximum regeneration (90%) through nodal segment was observed on 
MS basal medium supplemented with BAP (2.0 mg/1) + NAA (0.2). Which 
produced 31.8 + 1.21 average number of shoot with an average of 6.55 + 1.41 
cm shoot length within 4 weeks of incubation. On a medium supplemented 
with Kn (1.0 mg/1) + NAA (0.2 mg/1) about 22.58 + 1.18 number of shoot with 
3.29 + 0.91cm shoot length was observed. BAP-NAA combination proved best 
for multiple shoot formation from nodal exlant. 
Shoot elongation was accompanied with spontaneous rooting during the 
multiplication stage in the medium supplemented with BAP (1.0-2.0 mg/1) and 
IB A (0.5 mg/1). It was obsei^ ved that lower concentiation of auxin (IB A 0.5 
mg/1) was effective for rooting in single step. On MS + BAP (2.0 mg/1) + IBA 
(0.5 mg/1) 80% response was observed with an average of 11.33 + 0.84 number 
of shoot with an average shoot length of 3.64 + 0.11cm followed by rooting on 
the same medium after 30 days. 
Callus Induction 
70% response was observed on the medium containing 2,4,5-T (1.0 
mg/1). Which produced green nodulai* and prolific callus after 3 days of 
inoculation. Best callusing (80%) was observed on MS + 2,4-D (2.0mg/l). 
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Indirect caulogenesis & Rhizogenesis 
Nodal explant callus was transferred to regeneration medium and best 
response (80%) was observed on BAP (2.0mg/l) + NAA (0.2mg/l) + CH (200 
mg/1) combination with an average of 46.58 + 1.60 shoot per culture and 2.9 + 
0.16 cm shoot length after 4 weeks of inoculation. 
About 70% response was observed on the basal medium supplemented 
with BAP (2.0 mg/l) + NAA (0.5mg/l) + CH (200 mg/l). By increasing the 
concentiation of NAA, rhizogenesis was also observed on the same medium. 
As many as 41.3 + 2.1 shoots per culture were obsei-ved from green nodular 
callus. Fuilher increase in NAA (1.0 mg/l) concentiation did not enhance 
rhizogenesis. 
In vitro rooting 
The in vitro grown microshoots were isolated and transferred to the 
rooting medium consisting of IBA at various concentrations. The MS + IBA 
(2.0 mg/l) elicited best rooting response (80%). At this concentiation maximum 
number of roots per shoot 7.91 + 1.32 with 3.80 + 0.11cm root length was 
observed. 
The findings of my experiment lead to following conclusions: 
1. Direct regeneration in Hygrophila spinosa could be achieved through 
shoot tip and nodal explant. The shoot tip of Hygrophila spinosa was 
found more responsive than nodal explant. 
2. Hygrophila spinosa in BAP (2.0 mg/I) + NAA (0.2 mg/l) elicits 
maximum regeneration from shoot tip while nodal explant responded on 
BAP (1.0 mg/l) + NAA (0.25 mg/l). 
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3. IB A found most effective for rhizogenesis in the regenerated 
microshoots. Best rhizogenesis in Hygrophila spinosa eould be achieved 
on MS medium augmented with IB A (2.0 mg/1). 
4. 2,4-D proved better callusing agent than 2,4,5-T. Best callus induction 
could be achieved on MS+2,4-D (2.0 mg/1) in nodal explant of 
Phyllanthus nimri. 
5. The combination of BAP (2.0 mg/1) + N AA (0.2 mg/1) + CH (200 mg/1) 
found better medium for indirect regeneration in Phyllanthus ninm. 
6. Direct regeneration through nodal explant of both Hygrophilla spinosa 
and Phyllanthus niruri can be achieved on MS medium containing BAP 
orKn. 
7. Direct regeneration from nodal segment was achieved on MS+BAP (2,0 
mg/1) + NAA(0.2 mg/1) in Phyllanthus niruri. 
8. BAP (2.0mg/l) + IB A (0.5mg/l) proved effective for shoot elongation 
with spontaneous rooting, comprising single step method of 
micropropagation. 
9. IBA containing medium proved good for riiizogenesis in nodal explant 
regenerated microshoots of Phyllanthus niruri. 
It is concluded that the methods of micropropagation of Hygrophila 
spinosa and Phyllanthus niruri described in this presentation would ensure a 
stable supply of these important medicinal plants, irrespective of seasonal 
variation and would serve as a better source for biologically active compound. 
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